A theoretical discussion is presented of the influence of gravity on sound propagation from a small source in an isothermal atmosphere where ambient pressure and density decrease exponentially with height. 
Early theoretical studies •-5 showed that one of the principal effects of the earth's gravitational attraction was that it permitted the existence of horizontally propagating modes trapped in the lower atmosphere.
These modes were found to exist when the assumed temperature-height profile of the atmosphere had no temperature minimum, and when the conventional acoustic theories (i.e., those neglecting the influence of gravity) precluded the existence of such modes.
In this paper, we study the manner in which these trapped modes (or gravity modes) evolve from a small source located above the ground. In particular, we derive expressions for the acoustic field in regions relatively close to the source and study the effects of the ground on this field.
The model we study is that of an isothermal atmosphere bounded by a flat earth. Although this model is an oversimplification of the real atmosphere, and, as is well-known, it does not lead to a correct prediction of the form of the pressure pulse that would be observed at large distances, we feel that a study of this model may lead to a better understanding of the origin of the phenomena predicted at great distances by more sophisticated models. In particular, the theory developed here should complement the recent asymptotic theories of Hunt, Pahner, and Penney 7 and of Weston. s
The subject of wavepropagation in an isothermal atmosphere has been considered previously by Lamb, 1 by Pekeris, 4 and by Sretenskii. n Lamb discussed the problem of the vertical and horizontal propagation of plane waves, and Pekeris extended the discussion of horizontal propagation to illustrate his theory of the excitation of gravity modes by a small source on the ground in an atmosphere having a constant lapse rate in the troposphere. Sretenskii considered the propagation of waves from a point source in an isothermal atmosphere with the influence of the earth's surface neglected (i.e., the source was sufficiently far above the earth that reflections could be disregarded). It at z--0. This follows directly from (2.13). In addition, P must conform to causality. In conventional acoustic theories, this would be interpreted as requiring that P behave as an outgoing wave in regions remote from the source (radiation condition). A general formulation of this requirement is that, for all r such that z>0, the quantity Pe -g"' where to corresponds to to, any time before the source is initially excited, should be analytic everywhere in the upper half of the complex co plane and should vanish as Ira(co) tends to infinity. This implies, in particular, that P should have no poles or branch lines in the region for which Im(co)>0. That this requirement guarantees causality is clear, since the inverse transform p(r,t)=e -•/9' P(r,co)e-•tdco (2.16) will then vanish for all t < to.
III. FREE-SPACE SOLUTION FOR A SMALL SOURCE
To examine the nature of the field close to the source, we solve the free-space problem. The presence of the ground is neglected, and the boundary condition (2.15) is discarded. The causality condition is required for all r rather than for just those for which z>0. A Green's function G(r--r0,co) may readily be found that is finite everywhere except at a point r0 (assuming e>0), and that conforms to causality in the sense described above. We may choose the normalization of the Green's function such that it satisfies the equation 
Ch (r,co) = G (r--e•h,•)q-G (rq-e.h,•) q-I(r,zq-h,co). (4.9)
The first term represents the free-space Green's function for a source located at r0=e. 
One interesting feature of our expressions for S is that S• is proportional to the Bessel function Jo(wr).
Whenever r is such that wr is a root of the Bessel function, S, will be zero and the energy flow will be horizontal for all points on the cylinder of radius r.
In the limit of large r, the intensity is entirely in the horizontal direction and is given by the last term of Let us now study the behavior of (6.12) for given w and h vs r for z=0. In this event, the two Green's functions are equal. Also, if co>« or co<A, the presence of the factor U in (6.12) implies that the surface wave will not be present unless r> r0-I h. (6.13) It need scarcely be pointed out that this parameter r0 has no physical significance. It is unlikely that the field should change abruptly at r-ro. Furthermore, at this value of r, the surface wave may be of insignificant value as compared to the sum of the direct and reflected waves if the conditions for the validity of the approximation (6.10) are satisfied. Nevertheless, the theory does give us a natural small distance cutoff for the surface wave. This indicates that Eq. (6.12) will be qualitatively correct for all r for frequencies in these two bands if the height of the source is sufficiently large.
As r increases from r0, the relative contribution of the surface wave to G h will increase. This follows for two reasons. First, the surface wave falls off more slowly with r than the direct and reflected waves. Secondly, the direct and reflected waves will tend to cancel each other at large r.
A characteristic distance r• may be defined as that value of r for which = I I.
For values of r greater than r• the surface wave will be dominant, while the converse will be true if r<rl.
For co>« or w<A, this parameter may be shown to be If A <co<«, Eq. (6.12) gives no small distance cutoff to the surface wave. Although the expression is not valid for r identically zero, we expect it to be approximately valid for any r for which wr> 1, assuming h is large. This is confirmed by Fig. 4, which The explicit solution, Eq. (3.2), for the case when the presence of the ground is ignored, represents the correct solution of the problem originally considered by Sretenskii. 11 The method of deriving this solution (i.e., of proceeding from the equations of hydrodynamics in a linearized form, then seeking a Green's function conforming to causality, and finally using Green's theorem to find the field in the limit of an infinitesimal source) appears to be the most consistent approach, and it is gratifying that our solution has such a relatively simple form. The prediction of the two nonpropagating frequency bands is perhaps the most interesting consequence of our theory. It appears difficult to give a simple qualitative explanation for the presence of these bands. We may mention, however, that the frequency is Brunt's •7 resonant frequency for the isothermal atmosphere. The frequency co= « is also a characteristic frequency for the isothermal atmosphere and appears in Lamb's • theory as the dividing point between propagation and attenuation of vertically propagating plane waves.
When the presence of the ground was incorporated into the theory, the solution to the problem became more complicated. Although it could be given in integral form, the term I(r,z-l-h,co) could not be evaluated exactly. We were able, however, to derive an explicit expression for the case r-0, enabling one to compute the field anywhere on the vertical line passing through the source. We were also able to give the solution in the w<«, the study of the acoustic intensity S was useful.
We found that S was zero if w<A everywhere above and below the source within a cone of apex angle 0c. This was just what might have been expected after considering the free-space problem.
The field for frequencies in the band A <w<« has some interesting properties, which were brought out by our theory. In the free-space problem, no propagation would take place and S would be everywhere zero. However, the presence of the ground permitted the existence of a propagating surface wave. We were able to derive relatively simple expressions for the intensity above the ground. A numerical example (Fig. 3) showed that the energy flowing out of the source had an overwhelming tendency to concentrate in the lower layers of the atmosphere.
For arbitrary frequencies and at sufficiently large distances, the field near the ground would be entirely given by the surface wave. However, for high frequencies or very low frequencies, the surface wave would not predominate unless the distance were very large.
